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Abstract 
The study evaluates the potential energy saving achievable by replacing the existing lighting system in a historical building. 
The analysis focused on an office in the Abbey of San Lorenzo ad Septimum, that is located in Aversa (southern Italy) and 
houses the Department of Architecture and Industrial Design of the Second University of Naples. 
The influence of various actions, such as different types, different arrangement and different mounting height of luminaires and
different walls reflectance values were evaluated in terms of Lighting Energy Numeric Indicator LENI and illuminance 
uniformity. Finally, the influence of three different types of windows were considered. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Energy efficiency, along with the reduction of environmental pollutants, represents a common objective toward 
are focused the efforts of researchers and politicians. With this aim in mind, a great deal of projects and programs [1-
3] have been developed in order to encourage both reduction of emissions as well as energy saving. 
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Consequently, the reduction of primary energy consumption connected not only with new buildings, but 
especially with existing buildings, can be considered the greatest strategy in order to achieve the objectives set out in 
the European Energy Plan [1]. 
With this aim in mind, numerous studies have analyzed the different retrofitting actions applicable to existing 
buildings [4-6], but only a few have considered historical buildings. The theme of retrofitting measures on historical 
buildings assumes a very important aspect for the improvement of the energy efficiency of Italian buildings. 
In Italy about 4 million buildings were built before 1920 [7] and about 2.1 million of the buildings realized before 
1919 have been occupied [8]. Many of these old buildings have been classified as having an historical-artistic value 
and consequently protected as Cultural Heritage. Italian Legislative Decree 192/2005 [9] and Italian Legislative 
Decree 311/2006 [10] exclude historical and architectural heritage from energy retrofitting in order to safeguard their 
integrity. 
This work takes into account the energy impact of several retrofit actions for lighting systems on an existing 
historical building, focusing only on the measures applicable to existing buildings with historical-artistic value. In 
these buildings, it can be very difficult or almost impossible modify the size or position of the windows as well as do 
any building work for the appropriate placement of sensors for the control of the illuminance level or the occupancy 
detection. 
Following the methodology proposed by the Italian Standard UNI EN 15193:2008 [11], the electricity required 
for lighting can be estimated by taking into account the luminaires and space where they are installed. The standard 
allows to define the numerical indicator Lighting Energy Numeric Indicator (LENI) useful for both evaluating the 
efficiency of the lighting as well as for comparing different lighting systems or retrofitting actions. The higher the 
value of the LENI index, the greater the electric energy that is used for lighting.  
This analysis was conducted in an office of the Abbey of San Lorenzo ad Septimum, that is located in Aversa 
(southern Italy, latitude 40°59’ - longitude 14°11’) and hosts the Department of Architecture and Industrial Design 
“Luigi Vanvitelli” of the Second University of Naples. 
In order to define a reference value of LENI, the room was fully characterized from geometrical and 
photometrical points of view, with information about the existing lighting system being collected through 
experimental measurements.  
Subsequently, a virtual model of the office was modeled in the simulation software DIALux [12] in order to 
evaluate the potential benefits associated with different retrofit actions such as different types of luminaire, different 
luminaires distributions, different mounting heights of luminaire, different reflectance values of the walls or (where 
allowed) windows with a different ratio between the glass area and the total area of the window. 
2. Description of the experimental and simulation set-up 
The room investigated in this work is located on the first floor of the main body of the Abbey, built at the end of 
tenth century [13]. The office has a floor area equal to about 26 m2. The height of the room is 5.45 m and the surface 
of the ceiling is covered with dark brown painted boards. The walls have a thickness of about 1.00 m and the 
window is placed on its external side. Fig. 1a shows the layout and dimensions of the room with information about 
the position of the furniture and window, while Fig. 1b shows the layout and dimensions of the existing window; all 
the dimensions are expressed in meters.  
At the moment, the room is lighted by means of four fluorescent based luminaires with an electric power of 116 
W for each, that assure a mean illuminance value of 397 lux. The illuminance values were acquired by illuminance 
meters Konica Minolta T-10 (measuring range from 0.01 lx to 300 klx and accuracy of  ±2%). 
The surfaces of the room and furniture were experimentally characterized recording the reflectance values with 
the spectrophotometer Minolta CM – 2600d (size of integrating sphere: ø52 mm, wavelength range: from 360 nm to 
740 nm and spectral reflectance: standard deviation within 0.1%). For every surface, the measurements were 
performed on three measurement points utilizing the standard illuminant D65, considering the Specular Component 
Included (SCI). The reflectance value on each measuring point was obtained as the mean value of three 
measurements, while the reflectance values of the surface used in the simulation software were obtained as the 
average value of the data recorded for three measurement points. 
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The experimental reflectance values were used to characterize the virtual model created in the simulation software 
DIALux [12] in order to evaluate the impact of each retrofit action in terms of the LENI and illuminance uniformity 
values. 
a) b) 
Fig. 1: (a) layout and dimensions of the room; (b) layout and dimensions of the existing window. 
The simulations were performed by assuming: 
x No external obstruction; 
x Calculation surface at 0.85 m above the floor and 0.50 m away from the walls; 
x Target illuminance mean value of 300 lx; 
x Manual control of the artificial lighting system; 
x Orientation of the room 15° South-South West; 
x Daylight time usage equal to 2250 hours; 
x Non-Daylight time usage equal to 250 hours; 
x Surface for LENI calculation equal to 24.80 m2.
For each retrofit action, the power of the luminaires was dimmed until the target illuminance mean value on the 
calculation surface was reached, supposing that the electric power and light output vary linearly from the maximum 
to minimum values. The electric power so evaluated was used to calculate the LENI value associated with the 
assumed retrofit measures. 
In the same manner, the electric power required by the existing lighting system to provide the target illuminance 
average value of 300 lx was estimated and the related LENI index was calculated to define the reference condition. 
The reference LENI value is equal to 24.4 kWh/(year m2) corresponding to an annual electric consumption equal to 
about 605 kWh/year. 
3. Retrofit actions 
In order to evaluate the possibility to increase the energy efficiency of the lighting systems in an existing building 
and in particular in historical buildings, several retrofitting actions were taken into account; the measures considered 
could be realized without altering the geometric and/or aesthetic aspect of the room. The analysis was conducted 
from both energetic and photometric points of view, examining the variation of both the LENI and the illuminance 
uniformity values with respect to a reference configuration. The reference configuration of the room and the lighting 
system is reported in the table 1. The retrofitting actions considered and analyzed were organized in five strategies. 
Starting from the reference condition, each strategy takes into account a specific measure to examine its effect on the 
value of the LENI index and then on the efficiency of the building. In particular, the scenarios studied were: 
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Table 1. Characteristic of the reference condition. 
Characteristic Reference condition 
Existing luminaire Two fluorescent lamp for a total power of 88 W 
Luminaires arrangement see Fig. 2a 
Luminaires mounting height 3.3 m 
Reflectance value of walls 88% 
Value of the ratio between the glass area (Ag) and the window area (Aw) of the window 0.38 
x Strategy #1: the substitution of the existing luminaires with two different types and more efficient luminaires, 
luminaire type #1 was equipped with a fluorescent light source [14] (luminous flux: 3325 lm and luminaire 
wattage: 39.0 W) and luminaire type #2 was equipped with a LED light source [15] (luminous flux: 3000 lm and 
luminaire wattage: 42.0W) 
x Strategy #2: for each type of new luminaires, two different luminaire arrangements were considered. The two 
arrangements are reported in Fig. 2a and 2b 
x Strategy #3: for each type of luminaire and arrangement, three different mounting heights (2.5 m, 3.3 m and 3.5 
m from the floor) were considered 
x Strategy #4: for each type of luminaire and arrangement, three different values of the walls reflectance (30%, 
50% and 88%) were considered 
x Strategy #5: three different windows with the same window area (Aw) but with different values of the ratio 
between the glass area (Ag) and the window area (Aw) were considered. Fig. 3 shows the layout and dimensions 
of the three windows; the values of the ratio Ag/Aw are equal to 0.38, 0.42 and 0.78 respectively. All the 
dimensions are expressed in meters. 
a) b) 
Fig. 2. (a) luminaires arrangement #1; (b) luminaires arrangement #2. 
4. Results and discussion 
The simulation allowed knowing how simple and very cheap actions, such as changing the mounting height of the 
luminaire or wall painting, can influence the value of the LENI index. Fig. 4 reports the results of the LENI index for 
each retrofit action taken into account. It is interesting to note that all the strategies considered allow for a 
remarkable reduction of the LENI value and that the possible results that can be achieved are similar for both type of 
luminaires as well as both luminaire arrangements. 
Considering the influence of the installation height of the luminaires, it is worth noticing how the LENI index 
increases upon increasing the distance between the floor and the luminaire. In this case, varying the mounting height 
of the luminaire from 2.50 m to 3.50 m causes an increase in the LENI value from about 15.0% to about 19.5%, 
corresponding to an energy rise from about 31.0 kWh/year to 39.4 kWh/year. Considering the reflectance value of 
the walls, it is possible to highlight that the LENI index decreases upon increasing the reflectance value of the walls. 
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A variation of the reflectance value of the walls from 30% to 88% involves a reduction of the LENI index from 
about 19.5% to about 23.5%, corresponding to an energy rise from about 56.8 kWh/year to 70.4 kWh/year. 
a) b) c) 
Fig. 3. (a) window type #1; (b) window type #2; (c) window type #3. 
Differently from the results obtained with the previous strategy, changing the type of windows does not allow for 
a variation of the LENI value. In fact, even though the Daylight Factor varies from 2.2%, for window # 1, to 2.9%, 
for window # 3, this change does not allow to improve the classification of the daylighting supply of the room. In 
order to have a reduction of the energy consumption, the glass area should be increased from the current 1.4 m2 to 
about 5.6 m2; usually, this type of retrofitting action is not possible for an historical building. This result shows a 
lack in the Standard [11] that does not take into account little variation in the values of the Daylight Factor. 
In Fig. 5, the values of the illuminance uniformity obtained for each action were reported. In this figure, the two 
reference values of uniformity for the illuminance values defined by [16] (0.4 for immediate surrounding areas and 
0.6 for task areas). It is possible to notice that the illuminance uniformity values for all the strategies analyzed are 
greater than 0.6 and that while for luminaire type #2 the achievable results are similar for both arrangements of the 
luminaires, for luminaire type #1, the uniformity values obtainable are strongly conditioned by the arrangement type. 
The best results in terms of illuminance uniformity are generally obtained with arrangement #2 in the case of 
luminaire type #1 is used. 
Fig. 4. values of LENI [11] calculated for various strategies. 
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Fig. 5. values of illuminance uniformity calculated for various strategies. 
5. Conclusions 
Five retrofitting strategies for the lighting system of an office in the historical building Abbey of San Lorenzo ad 
Septimum that houses the Department of Architecture and Industrial Design “Luigi Vanvitelli” of the Second 
University of Naples were considered and examined in order to understand the relationship with the LENI index. 
The study showed that, in order to reduce the energy consumption, the best measure is the substitution of the existing 
luminaires with more efficient luminaires; the reduction of the mounting height and the use of a colour with a high 
reflectance value help in obtaining a reduction of the LENI; the increase of the glass’s area of the windows does not 
guarantee a reduction of the LENI. 
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